This paper deals with a new dispatching and optimisation of reactive power sources in power systems. The methodology is first based on an optimal movement of existing reactive sources as a first phase, then an optimal investment in a second phase and finally a combination of the two previous phases as the third one [1] . The methodology showed also the advantage of a two levels procedure, considering an initial minimal compensation before minimizing the active losses. The solution of the global non-linear problem is performed using the projected and augmented Lagrange method associated with the reduced gradient and the DFP methods. Simulations are executed on the 57 IEEE Network that results are presented and discussed.
Introduction
Reliability, efficiency and safety are among the main objectives of electrical power systems. Related to these two points, the management of the reactive power sources, use of regulation systems, regulation concepts and automation level as well as regulation coordination differ from one power system to the other. Reactive compensation optimisation, maintaining voltage within permitted limits, is usually made within a tertiary adjustment that duration can reach several minutes.
[2]- [6] Thus, the necessary devices to bring back the voltage to the acceptable operating range are provided by reactive compensation. But the delays in investments, combined to the incidents and increasing loads, induce constraints characterized by a premature saturation of the means of electrical energy production, of transformation and transport, degraded voltage plans and insufficient regulation ranges, unable to face, in most of cases, the different states of power systems.
Thus, in waiting for new investment programs which are planned for limited periods, this study presents an alternative of optimizing the reactive power compensation by a movement of the power sources or some of them, satisfying all system constraints and minimizing also the active power losses.
As one of the main reactive energy planning goals is to ensure viability of the power system in contingency cases, various critical situations are simulated in order to prevent and prepare the power system to face such situations. Although, the planners and operators have the possibility to decide what cases are to be considered for reactive power dispatch, the proposed program gives a proposal solution to almost all changes that can occur to the power system (incident, contingency, load variation, development).
Considering the complexity of the programming problem, the significant number of variables and constraints, the augmented and projected Lagrange method [7] was the most appropriate technique to be used, in partnership with the reduced gradient and QuasiNewton methods [8].
Problem Formulation
The optimisation problem to treat corresponds to a constrained function minimization. The used criteria procedure recommends first the full use of all existing power reactive sources before investing new reactive sources. The procedure is then a two levels method
• Movement optimisation or investment as a master problem in the first level • Solution of the operating problem which is the minimisation of the active losses at the second level Global problem formulation is given by:
(1)
Where D(W) represents the optimal reactive sources movement function (level 1), C(W) the total investment cost function (level 2) and O(U,X) the operating cost function.
The three phases corresponding to the three previous objective functions have the same concept but differ in the initial point relative to the available compensation means. However, the first and second phases are related in case that the first does not reach a feasible solution. The third phase is independent as it deals only with the second level of the procedure.
In this study, the second level of the movement and investment phases is applied for several separate study cases (h =1,…, h max ) , i.e, the active losses minimization for each separate study case (Fig. 1) . The third phase corresponding to the optimisation of the operating cost function O(U,X) comprises a second level that calculates the minimum active losses for each study case separately (h =1, h max ) and the minimum average active losses for all study cases (Fig. 2) . 
Simulation Results
In this study, only load nodes are considered compensation node candidates, which is realistic as compensation is generally installed at middle voltage level in power systems for economic and security reasons.
For all tests, the maximum limits of capacitive and inductive compensation to install at node i are equal to 50 Mvars, and the limits on tap changers under load transformers are 0.90 and 1.10. The convergence tolerance for load flow is 10 -4 p.u for active and reactive powers. The optimisation program presents a feasibility and optimality tolerance of 10 -6 p.u. A. Reactive power sources movement (Phase 1)
By moving the battery of the condenser existing with node 53 towards node 31, and 2.1 Mvars of node 18 towards the same node, the stability of the network was checked in its various cases, which also made possible to reduce the average of the active losses of 0.62%, and to readjust all the variables of control and the variables of state. The voltages of load nodes are presented by figures 4-7. Table 2 shows results of level 1 of phase 1. Level 1 of the program made possible the voltage stabilization within the specified limits compared to the values resulting from the power flow, and the contribution of the reactive compensation optimisation as well as the losses reduction (Fig 8) on the quality of transport of energy is well visible. The program of level 2 (average losses minimization of all considered study cases) gives results of Table 3 . The application of level 2' (MW losses minimization for separate study cases) gives the results of Table 4 , which contains the control variables of the five considered study cases of the network.
This table illustrates the results of a minimization of the active losses of each case of the network, whose average presents a reduction of 29.93 %, which is 0.17 % more reduction than that deduced from the second level. The commutation of the bank capacitors is not really significant from the losses point of view (i.e. almost identical to level 2). In general, the application of the 2 nd level is necessary insofar as to level 1, an excess of losses is announced in case 2 about 417 %, more especially as the reduction of the losses is very significant there, which presents figure 4.18. It is true that the first level ensures the realisability but stills insufficient in economic perspective. 
B. Reactive power sources investment (Phase 2) 1) A-Level 1
For phase 2 the level 1, obtained results are presented in Table 5 . The stability of the system is reached after investment of 6.85 Mvars on node 30. The average of the active losses is reduced of 7.18 %, and the variables of control (table 5) all are regulated. The voltages of the load nodes are presented on figures 9 to 12.
For the two phases, the determination of the nodes candidates to the compensation is made on nearby nodes, which reflects the lack of reactive energy on the level of the zone of nodes 30 and 31. The most unfavorable case is of a uniform increase of 50 % of the load, and the overtaking voltages in the initial state are very significant.
3) Level 2
The application of the second level to minimize the losses gave the results presented in Table 6 . Figures 9-12, the values of the voltages to the nodes of load on level 2 and 2' are also presented. We note that all these sizes are always in the intervals but more or less higher than those of the 1 st level (for case 3, they are almost the same ones), and that the tensions of these two levels are roughly equal. The application of the second phase brought a profit on the average of the losses of 30.17 % (level 2), and 30.23 % (level 2').
C. Average losses minimization (Phase 3. Level 2)
The results illustrate the effect of over-compensation in reactive energy within an electrical supply network, with a minimization of the average of the losses equal to 33.67 %. We also note that the output of the losses for the 2 nd case (85.31 %) is higher than that of the preceding phases (79.64%, 78.69%), which means that the choice of the average of the losses like objective function, does not offer the optimum of each case separately, but allows to include all the cases in the same problem.
However, it was foreseeable that the third phase minimizes the average of the losses better that phases 1 and 2. N the other hand, over-compensation harms the quality of energy knowing that the capacitor batteries generate harmful harmonics for the network.
In conclusion, the results of application of the three phases on the network IEEE 57 buses enable us to note that the second phase offers better results concerning the investment and the losses.
Conclusion
This work was directed to apply a new reactive power sources distribution strategy to the Algerian Electrical Power System. The methodology was based on a first phase concerning an optimal movement of the existing reactive power source devices, a second phase devoted to the investment of new reactive sources and a phase 3 supporting the optimization of the average of the losses considering the minimum compensation through movement or investment.
The solution of the global non-linear problem is performed using the projected and augmented Lagrange method associated with the reduced gradient method and the DFP Quasi Newton technique.
The simulation tests showed the advantage of a two levels procedure., considering an initial minimal compensation before minimizing the active losses. The first two phases, movement of the existing compensation sources and investment of new devices, gave distinct solutions with the same compensation nodes candidates and a clear losses reduction. The main objectives were achieved as the voltage amplitudes were brought to their range limits. The voltage and tap ratio transformers adjustment depend on the bank capacitors location. The power system behaviour for the different studied cases varies according to the objective function (phase), its size and structure. The movement can satisfy most of the network changes (or outages). However, before choosing a movement action, one should insure that it is applicable for various cases, which require separate simulations by taking the compensators corresponding to the most severe constraints as being fixed or commutable.
